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. Oxygen evolution data from refs. 1,2 and this investigation). Figure S13 . Oxygen evolution results for the reaction of CaMn oxides suspended in 0.5 M Ce 4+ aqueous solution. Table S3 : Amount of dissolved oxides (mg/ml) in solution (0.5M Ce(IV)).
Figure S14: Long term oxygen evolution test (100mg catalyst in 38ml of Ce(IV) solution, CaMn 2 O x -0.8-400, Ce(IV)= 0.5M). Oxygen evolution was measured by gas chromatography. The result shows that although the oxygen evolution rate has been decreased after first 20h but it is producing oxygen until the end of reaction time and the catalyst remains active for longer time either by addition of fresh oxidant or using less amount of catalyst. Figure S16. XANES spectra measured at the Mn K-edge (top) and the Ca K-edge (bottom) from the CaMn material before annealing (100 º C) and after annealing for 4h at different temperatures. Insets: comparison of the XANES spectra from CaMn oxide with and without cyanamide, annealed at 550 º C. Figure S17 . k 3 weighted EXAFS spectra measured at the Mn K-edge (top) and the Ca K-edge (bottom) from the CaMn material before annealing (100 º C) and after annealing for 4h at different temperatures. Black: experimental curves, red -simulations. The simulation parameters are shown in Table S1 . Table S5 . EXAFS simulation parameters. Figure S18 . Coordination numbers deduced from the simulations, as shown also in Table S1 . A: measurements at the Mn K-edge, B: at the Ca K-edge. 
Details on the oxygen evolution experiments
For a typical catalytic experiment, oxides were suspended in water in a Schlenk tube. Then these solutions were made anaerobic by nitrogen purging ([O 2 ] < 1 μmol/l) and the oxygen level was monitored by a Clark electrode. After an equilibriation time of 2 min, an anaerobic solution of Ce(IV) was injected into the tube using a nitrogen-purged syringe. The dissolved oxygen produced during the reaction was monitored by a Clark electrode. The initial oxygen evolution rates as shown in Table 1 and 2 were determined by a linear fit of the Clark cell data of the first three minutes and divided by the amount of the overall manganese content in the oxide suspended in the 2 ml reaction solution (Table S2 ). In pursuing these experiments, it was been considered that the Clark electrode can detect dissolved oxygen reliably only below the O 2 -saturation point of water (258 μmol/l, T=25°C).
The long term experiments were carried out as follows: Millipore water was sonicated under reduced pressure for 1 h. Millipore water was sonicated under reduced pressure for 1 h. Afterwards the water solution was flushed with argon for 1 h to remove all oxygen. The catalyst and the magnetic stir bar were placed into the reaction chamber and the reactor was closed. Subsequent oxygen was removed by applying vacuum and flushing the reactor with argon. This procedure was repeated 3 times. The reaction mixture, consisting of Ce(IV) in water (0.5 M), with a total volume of 38 mL, was prepared in an oxygen evacuated flask. Then the reaction solution was added to the reaction chamber under reverse argon flow using a dosing valve. After closing the dosing valve, thermostat, magnetic stirrer, and the online measurement software were started. For the second injection the reactor has been opened under Argon, flushed with this gas, and then closed after the injection. The data after oxidant addition was added to the first graph assuming that flushing the reactor with Ar removed all oxygen produced in the first step (See ref 3 for more details about setup). 1 The TOF has been calculated based on the oxygen amount (in mmol) produced in the first 30 min of the reaction and divided by the amount of manganese of the catalyst (in mol). TOFs calculated from 0.05 mg/ml catalyst after 3 min and of 0.5 mg/ml catalyst after 15 s are shown. To determine the reaction rate after 3 min a lower amount of CaMn 2 O x -0.8-400 had to be used, as with a concentration of 0.5 mg/ml the oxygen evolution reached the detection limit of the Clark electrode already after 30 seconds. Table S3 : Amount of dissolved oxides (mg/ml) in solution (0.5M Ce(IV)).
Sample
Oxide amount(mg/ml) Table S4 : Catalytic test results from gas chromatography (in 0.5 M Ce(IV)) for repeated addition of Ce(IV) (0.5 M Ce(IV) per run.
The TOF has been calculated based on the oxygen amount (in mmol) produced in the first 30 min of the reaction and divided by the amount of manganese of the catalyst (in mol). Figure S16 . XANES spectra measured at the Mn K-edge (top) and the Ca K-edge (bottom) from the CaMn material before annealing (labeled '100 º C') and after annealing for 4 h at the indicated temperature. Insets: comparison of the XANES spectra from CaMn oxide with and without cyanamide, annealed at 550 º C. Figure S17 . k 3 -weighted EXAFS spectra measured at the Mn K-edge (top) and the Ca K-edge (bottom) from the CaMn material before annealing (labeld '100 º C') and after annealing for Table S5 . EXAFS simulation parameters and 1uncertainty ranges in the EXAFS fit parameters. Parameters marked by * were constrained. All Mn-Ca distances were constrained to be equal in the Mn and Ca spectra, e.g., equal Mn-Ca distances in the Mn-EXAFS and the Ca-EXAFS (joint-fit approach). For simulation of the first manganese coordination sphere, two shells of backscattering atoms were used and the sum of the two coordination numbers was constrained to be equal to six. In the two-shell simulation of the first Ca and Mn coordination sphere, the values of the Debye-Waller parameter (denoted as  or s) were constrained to be equal. Figure S18 . Graphical presentation of the coordination numbers from Table S5 . A, measurements at the Mn K-edge; B, at the Ca K-edge.
